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The design of cost-effective, highly active, stable electro-
catalysts for oxygen reduction reaction (ORR) and oxygen
evolution reaction (OER) is a critical element in the
development of a new generation of energy technologies
(e.g., fuel cells, metal-air batteries) because the ORR and
OER are inherently sluggish and require large over-po-
tentials to drive a complex four-electron process [1]. So far,
precious metals platinum (Pt) and its alloys are the most
active electrocatalysts for ORR but have poor activity for
OER. Oppositely, IrO, is the most active for OER but not
effective for ORR. To date, nitrogen-doped carbon has
shown remarkable ORR activity, but its OER is more
challenging due to the rapid oxidation of carbon at high
potentials [2]. For the chemists, tailoring and optimizing of
functional materials are an urgent topic.

Surfaces are a key platform for many processes of catal-
ysis and energy conversion. Understanding and controlling
electronic structure and geometric environment of their
surfaces or interfaces are key factors in optimizing renew-
able energy and catalysis [3]. Surfaces decorated with
nanoparticles have been demonstrated in many fields of
catalysis. These structures are usually obtained by conven-
tional deposition techniques, such as pulsed laser deposition
and chemical impregnation. These approaches offer limited
control over the size, distribution and anchorage of deposited
species and may be time-consuming and costly. Recently,
Irvine and co-workers [4] demonstrated that growing nano-
size phases from non-stoichiometry perovskites can be
achieved by means of an exsolution process under a
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reductive environment (Fig. 1). The non-stoichiometry
facilitates a change in equilibrium position to make particle
exsolute more dynamic with obtaining compositionally
diverse nanoparticles [4]. In fact, back to more than ten years
ago, the self-regeneration Pd-perovskite catalysts has been
discovered for automotive emissions control. The smart
catalyst is cycled between oxidative and reductive atmo-
spheres, and Pd may reversibly move into and out of the
perovskite lattice [6]. Subsequently, this self-regenerating
function was realized in Pt and Rh-based perovskite cata-
lysts, as well as in Pd [7].

The chemical exsolving technique has been adopted for
successful fabrication of silver modified Srg ¢5Nbg 1C0g 905
as a highly active and durable electrocatalyst for ORR,
which makes the new composite material a highly
promising cathode for low-temperature solid oxide fuel
cells [8]. In contrast to metal particles formed on an oxide
support by physical or chemical deposition, the exsolved
particles show enhanced stability and a significant decrease
in the propensity for hydrocarbon coking due to partly
embedded in the surface of a parent perovskite. This study
is critical to future design of exsolution-based perovskite
materials for catalytic and other functionalities [5].

It is well known that pure perovskites (ABOj) are
promising electrocatalytic materials due to high versatility in
their electronic structure. But, the true catalytic properties of
many perovskites might have been underestimated because
native perovskite surfaces are preferentially A-site (rich)
terminated to the detriment of the B-sites of catalytically
active cations [4]. New techniques have been developed to
exsolve the B-sites from parent perovskite lattice by external
fields and chemically selective exsolution [9]. It shows that
perovskite-type oxides could work as the most appropriate
host materials to form socked metal-semiconductor
heterostructures that leads to superior catalytic activity while
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Fig. 1 (Color online) Exsolution in perovskite structure oxides as a new platform for electrocatalyst design. a Comparison of exsolved with
deposited nanoparticles on oxide support. Reprinted with permission from Ref. [4], Copyright 2013 Nature Publishing Group. b The exsolution
process of nanoparticles from perovskite lattice; ¢ defect-induced B-site exsolution reaction in perovskite; d monodispersed Ni-nanoparticles on
A-site-deficient perovskite. Reprinted with permission from Ref. [5], Copyright 2015 Nature Publishing Group. e Electrocatalytic design by
tunable orbital and structure (http://news.mit.edu/2011/battery-principle-0613)

keeping the stability of parent perovskite. The formation of
metal particles supported on oxide surfaces promotes
numerous global chemical industry reactions and processes
towards clean energy technologies.

In summary, exsolution in perovskite structure oxides
provides a platform for understanding and controlling
electrochemical processes occurring at the interface in
optimizing electrocatalysts. Especially, recent reports show
that applied electrical potentials can significantly enhance
exsolution in perovskite system to generate more or less
instantly rich nanostructures with outstanding activity and
stability [10]. By utilizing the concept of developing
exsolution, perovskite structure oxides could be employed
as a versatile material bank for unlimited heterogeneous
surfaces catalyst design, which will surely promote the
design and preparation of new metastable materials and the
delicate support for single-atom catalysts.
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